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1s the fraction of hadron

energy carried by a parton
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there are a lot of
gluons at small x




gluon radiation at small x :pQCD

The infrared sensitivity of bremsstrahlung favors the
emission of ‘soft’ (= small-z) gluons
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The ‘price’ of an additional gluon:

number of gluons grows fast
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“attractive” bremsstrahlung
VS. “repulsive” recombination
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Large x: color source small x: gluon field A*
U(A") =PExp [ig / dx™ A, Ta]
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weight functional:
W a+ [p] probability distribution of color source £
at longitudinal scale AT

invariance under change of A = RGE for W+ |p]
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integrate out field fluctuations quadratically

p—p =p+dp
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JIMWLK eq. describes x evolution of observables



JIMWLK evolution equation
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Basic building block in DIS, pA processes
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Evolution of 2-point function depends on 4-point function
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Infinitely many coupled equations!



saturation region
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higher point functions are expressed in
terms of the dipole (2-point function)

NLO: B-KW-6-BC (2007-2008)



+ Cutput: Modified evolution kernel:

) N
| d5(z, y;
= Leading order: z y 2 KM(r,ry.rg) [S(z.2) S(z,y) — Sz y)]
b {_ - o
= Running coupling: a’;’ =/dﬂzfi'(511¢2] [5[;3] S{;,E]—S(LE]]
L v,

. aP"fT.:":‘-'s(TE] o 1 ﬂﬂ(r%] 1 ﬂﬂ(r%] |
Iﬁ: EI l., 1 : — —]_ _]_
Bal(l' Ty, 1) ) r%r% +r% (L’tg(?‘%] T3 2 |




multiple scatterings =—p p, broadening

“Cronin” effect

evolution with In (1/x) == suppression

“Leading twist” nuclear shadowing

effective degrees of freedom: Wilson line V (x)

In CGC observables are expressed in terms of
<trV..... V>



Linear
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Inclusive: structure functions, multiplicities

Single inclusive production
transverse momentum, rapidity, centrality dependence

Double inclusive production

azimuthal angular correlations
long range rapidity correlations - The Ridge
centrality dependence



Uncorrected Coincidence Probability (rad-1)
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Recent STAR measurement (arXiv:1008.3989v1):
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{a) CMS MinBias, pT>0.1GeVa’c
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long-range rapidity correlations

(b} CMS MinBias, 1.0GeWc<pT<3.OGerc
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produced partons: &, Y, k,, v, X, X, =
Js s

scanning the wave-functions ki~ko~k ~2GeV
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Recent STAR measurement (arXiv:1008.3989v1):
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CGC fit from
Albacete + Marqguet, PRL (2010) multiple soft scatterings

using running coupling BK solution, de-correlate the hadrons
Also by Tuchin, NPA846 (2010)
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Os(r,7) =TrV,V; ~<e——F2 in DIS, single hadron in pA
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Dipole + large N¢ approximation?
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di-jet production in DIS
probes higher point functions



Recall evolution of O2 is sensitive to O4 only
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DIS structure functions,single inclusive production in pA
probe dipoles
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and they evolve differently even at large N.
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JIMWLK Dipole approximation



Di-jet production probes quadrupoles

dipole approximation is not valid!

simplifies in some kinematics

dijet momentum imbalance: WW gluons
F. Dominguez et al.



Dijet production poses new challenges to C6C
but
every challenge can become an opportunity

Quadrupoles
What is their energy dependence ?
How large are the N, suppressed terms ?

solving JIMWLK: in progress s schenke



A new region of QCD phase space

A systematic approach with
controlled approximations

Q.: a dynamical semi-hard scale

Evidence for CGC at HERA, RHIC
and now at LHC

2-hadron correlations probe the
dynamics of CGC beyond dipoles



v 7t rr T [ g 1 1 1 1. [ 11 1 T [ T T Jrr 11 [ T 1T [ T T § 11 1 1 [ 1T 17 7 T [ T T3
| D.chVfc-t:pT-t:l.DGcV.l'c | l.ﬂﬂc?fc{pT-ﬂ-.GGchc — 1 I.DGchc-t:pT-t:f!.DGcV.l'c | B.I}GGV.l'c-t:pT-t:f-‘l.l}GcV.l'c
I L ] TTe¥ * 1
004 ® T + — + .
% | [0 evwTHTAR 7Tev +
=
= & |
Foozl + + z —+ .
: ;
- E -
_ E ® _ () g
0.00 — L = St = I 4 e= E—F E ED
| I |._|. L P . | I TR T ey HOoy P I T, | I T |
o S0 10w 1] S50 100 1] 50 100 o 50 100
™ ™ ™ N
0. 14
.12 . i ]
i 4ip, 900GV ]
oL Y . i _
T oml I :
d‘-l 0.08 H -— -
[E— B iR _
o.d = . aeie ]
n 4 ] .
o.m H | .__..#_.... -] —
1] oL o2 2 aa I:l.ﬂ2 18] ds 0 oL o2 2 0.3 IJ.% 0= 0os 0o oL 0.2 2 a.a I:L?2 1] 0a
O~ (Ge% ) g~ (Ge% ) Oy~ (Ge% )

DDGJLV, PLB697 (2011) 21



	An Introduction to Particle Production in High Energy Nuclear Collisions
	Slide 2
	Slide 3
	Slide 4
	The effective action
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Summary
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

